The purpose of this study was to determine whether a cell surface protein that can serve as coreceptor for herpes simplex virus type 1 (HSV-1) entry, herpesvirus entry mediator (previously designated HVEM but renamed HveA), also mediates HSV-1-induced cell-cell fusion. We found that transfection of DNA from KOS-804, a previously described HSV-1 syncytial (Syn) strain whose Syn mutation was mapped to an amino acid substitution in gK, induced numerous large syncytia on HveA-expressing Chinese hamster ovary cells (CHO-HVEM12) but not on control cells (CHO-C8). Antibodies specific for gD as well as for HveA were effective inhibitors of KOS-804-induced fusion, consistent with previously described direct interactions between gD and HveA. Since mutations in gD determine the ability of HSV-1 to utilize HveA for entry, we examined whether the form of virally expressed gD also influenced the ability of HveA to mediate fusion. We produced a recombinant virus carrying the KOS-804 Syn mutation and the KOS-Rid1 gD mutation, which significantly reduces viral entry via HveA, and designated it KOS-SR1. KOS-SR1 DNA had a markedly reduced ability to induce syncytia on CHO-HVEM12 cells and a somewhat enhanced ability to induce syncytia on CHO-C8 cells. These results support previous findings concerning the relative abilities of KOS and KOS-Rid1 to infect CHO-HVEM12 and CHO-C8 cells. Thus, HveA mediates cell-cell fusion as well as viral entry and both activities of HveA are contingent upon the form of gD expressed by the virus.
Herpes simplex virus (HSV)-induced cell-cell fusion requires the concerted actions of several cellular and viral components. The viral components can be divided into two categories: mediators and modulators (for a review, see reference 51). The mediators, so called because their absence blocks or mutes the syncytial (Syn) phenotype, include the glycoproteins gB (UL27) (6, 10, 31) , gD (US6), (27, 38) , gH-gL (UL22-UL1) (which function as a hetero-oligomer) (8, 14, 22, 44) , gM (UL10), gE (US8), and gI (US7) (2, 7, 8) and the membrane protein encoded by gene UL45 (17) . The gene products UL20, UL24, gK (UL53), and gB are termed modulators of cell fusion because mutations in any one of the four can confer the Syn phenotype (1, 3, 4, 13, 15, 23, 24, 31, 42, 45, 46) . For a strain to be syncytial, it must express gB, gD, gH, and gL and perhaps other functional mediators and also have a Syn mutation in one of the modulator genes (51) . Work by Shieh and Spear (48) indicated that cellular factors such as cell surface glycosaminoglycans (GAGs) also play a role in HSV-induced cell-cell fusion. They demonstrated that wild-type, but not GAG-deficient, Chinese hamster ovary (CHO) cells formed syncytia after transfection with DNA from an HSV type 1 (HSV-1) Syn mutant. When soluble heparin was exogenously added the GAG-deficient cells were able to fuse, strongly implicating a role for GAGs in HSV-induced cell fusion.
HSV entry, like fusion, also requires the interaction of multiple viral and cellular components and can be divided into two distinct events: binding and penetration. Viral glycoproteins gC and gB mediate attachment of the virion to the cell surface through their interactions with heparan sulfate chains on cell surface proteoglycans (18, 19, 49, 57) . Penetration, which occurs via fusion of the viral envelope with the plasma membrane at neutral pH (56) , requires the viral glycoproteins gB, gD, and the hetero-oligomer gH-gL. Virions devoid of any of these glycoproteins bind cells but fail to penetrate (6, 14, 27, 44) . Cells devoid of specific cell surface receptors, other than proteoglycans, bind virus but restrict entry (36, 43, 49) . Expression of the human cell surface glycoprotein HveA (herpesvirus entry mediator A) can confer susceptibility to HSV-1 infection on normally resistant CHO cells (36) . HveA, a member of the tumor necrosis factor receptor family, mediates entry of HSV-1 into a subset of human cell types including T lymphocytes (36) . Interestingly, the form of gD expressed by the virus dictates its ability to utilize the HveA entry pathway. HSV-1(KOS)Rid1, which was isolated for its ability to overcome gD-mediated interference and has a mutation in the gD gene (Q27P), is greatly impaired in its ability to utilize the HveA entry pathway (9, 36) . Using a soluble form of HveA produced in a baculovirus system, Whitbeck et al. (55) reported that HveA binds to wild-type gD but not Rid1 gD, thus explaining why mutations in gD affect the ability of such viruses to utilize HveA for entry.
The processes of HSV entry and HSV-induced cell fusion involve many of the same viral and cellular components, and both involve membrane fusion. However, several lines of evidence support the position that HSV entry and fusion are distinct processes. First, viruses competent for entry are not automatically competent to induce cell fusion (12) . Though syncytium formation is a common event in vivo, clinical isolates of HSV rarely induce the fusion of cultured cells (20, 52) . Nonlethal spontaneous mutations, which can arise during the passage of clinical isolates through cultured cells, confer the Syn phenotype without obvious effects on viral entry (20, 52) . Second, susceptibility of cells to HSV infection does not guarantee susceptibility to HSV-induced cell fusion. Some cultured cell lines, while being highly susceptible to infection by HSV, are resistant to HSV-induced cell fusion (5, 26, 28, 51, 52) . This finding suggests that cellular factors somehow differentiate between entry and cell fusion, causing cells to succumb to one process while resisting the other. Third, drugs can distinguish between the two events. Cyclosporin A, which selectively inhibits cell fusion induced by some HSV-1 strains, has no effect on entry (32, 54) . Finally, several viral genes required for expression of the Syn phenotype play no role in entry. Though the glycoproteins gE, gI, and gM and the membrane protein encoded by the UL45 gene have been reported to contribute toward expression of the Syn phenotype, all are dispensable for entry (8, 29, 30, 53) . While these observations clearly accent the differences between the processes of entry and fusion, the mechanisms of membrane fusion in either case remain unknown.
Considering the differences between entry and cell fusion outlined above, a cell surface protein such as HveA, shown to function in entry, may not necessarily serve the same role or even have a role in HSV-1-induced cell fusion. We therefore explored the role of HveA in HSV-1-induced cell fusion, using syncytial viruses that express either the wild-type or Rid1 form of gD. We found that cells resistant to HSV-1-induced cell fusion became susceptible when they expressed HveA and that the ability of HveA to mediate this fusion was dependent on the form of gD expressed.
MATERIALS AND METHODS
Virus and cells. Vero (African green monkey kidney) cells were obtained from the American Type Culture Collection and passaged in medium 199 with Hanks' salts (GibcoBRL) supplemented with 5% fetal bovine serum (Sigma). HEp-2 cells transfected with a plasmid expressing HSV-1 gD (H-gD-1) or vector control (H-control) (25) were passaged in Dulbecco's modification of Eagle's medium (GibcoBRL) supplemented with 10% fetal bovine serum and Geneticin (200 g/ml; GibcoBRL). CHO cells constitutively expressing HveA (CHO-HV EM12), carrying a control plasmid (CHO-C8), or inducibly expressing lacZ (CHO-IE␤8) (36) were passaged in Ham's F12 medium (GibcoBRL) supplemented with 10% fetal bovine serum and either Geneticin (400 g/ml, CHO-HVEM12 and CHO-C8) or puromycin (5 g/ml, CHO-IE␤8; CloneTECH). CHO-IE␤8 cells stably expressing HveA were obtained by transfecting CHO-IE␤8 cells with pBEC10 (36), using DOSPER liposomal transfection reagent (Boehringer Mannheim) according to the manufacturer's directions and selecting for stable transfectants in Ham's F12 medium with 10% fetal calf serum containing puromycin at 150 g/ml and Geneticin at 250 g/ml. A clone expressing the desired phenotype (designated CHO-IE␤8/HveA) was maintained in the same medium. CHO-IE␤8 and CHO-IE␤8/HveA both inducibly express ␤-galactosidase after infection by HSV strains carrying the wild-type transactivator VP16, while CHO-HVEM12 and CHO-IE␤8/HveA both constitutively express HveA.
The following viruses were used: HSV-1(KOS) (abbreviated here KOS) and HSV-1(KOS)804 (KOS-804) (both provided by P. Schaffer, University of Pennsylvania) (28), HSV-1(KOS)Rid1 (KOS-Rid1) (9), HSV-1(MP) (22) , and HSV-1(KOS)SR1 (KOS-SR1). Virus strains were passaged at low multiplicity in HEp-2 cells, except KOS-Rid1, which was passaged at low multiplicity in H-gD-1 cells under selective conditions.
The mutant KOS-SR1 is a Syn recombinant isolated from the coinfection of Vero cells with KOS-804 and KOS-Rid1 and carries the mutant gK and gD alleles of the parental strains. Vero cells were coinfected with 10 PFU each of KOS-804 and KOS-Rid1 per cell. After cytopathic effect was complete, lysates were prepared from infected cells by subjecting them to three freeze-thaw cycles followed by brief sonication. Titers of progeny virions were determined on Vero cells. Plaques developed in a liquid overlay of medium 199 supplemented with 1% heat-inactivated calf serum and 0.5% methylcellulose. Syncytial plaques were harvested and amplified on Vero cells. Aliquots of amplified plaque stocks were used in two ways, to infect H-gD-1 cells and to prepare viral DNA for use as template in amplification and restriction analysis of the gD gene (primers gD-5 and gD-7). Isolates with the ability to infect H-gD-1 cells (i.e., interference resistant), and shown by PCR to lack the PvuII site found in the wild-type gD gene but missing in the KOS-Rid1 gD gene, were subjected to further rounds of plaque purification. Following three rounds of plaque purification, a recombinant was obtained and designated KOS-SR1.
DNA sequence analysis. Viral DNA was isolated and purified as previously described (33, 41) . PCR was performed with Vent DNA polymerase (New England Biolabs), purified viral DNA, and primers specific for amplifying either the entire gK gene (gK-1 and gK-2 [41] ), a portion of the gK gene spanning only the 804 gK Syn mutation (804SYN1 [5Ј-GAGCGTGTTCCTGCAGTACC-3Ј] and 804SYN2 [5Ј-CCGAGAGGATGATGGAACAG]), or a portion of the gD gene spanning the mutation responsible for the interference-resistant phenotype (gD-5 and gD-7 [9] ). Products generated from primers gK-1 and gK-2 were used as template for sequencing, whereas products from primers 804SYN1 and 804SYN2 were used in marker transfer and marker repair experiments and in restriction analysis. PCR products obtained from primers gD-5 and gD-7 were also used in restriction analysis. Where indicated, PCR products were purified by using the Qiaex II gel extraction kit desalting protocol (Qiagen). Concentrations of purified PCR fragments were spectrophotometrically determined. Nucleotide sequencing was performed by both manual and automated protocols. Manual sequencing was performed with a Sequenase PCR product sequencing kit (United States Biochemical). Automated sequencing was performed with an ABI PRISM dye terminator cycle sequencing ready reaction kit (Perkin-Elmer) and ABI 373 sequencer, in accordance with the manufacturer-recommended protocol. Long Ranger 6% (J. T. Baker Chemical Co.) and SeaQuate 6% (Sooner Scientific) polyacrylamide gels were used in the manual and automated protocols, respectively. Six primers were used to sequence the PCR-amplified gK gene. The three sense primers, gK-17 (5Ј-CGCCAAATGCGACAGCAACC-3Ј), gK-19 (5Ј ATCGTCGGATCATGAAGC-3Ј), and gK-22 (5Ј GTCATCGTAGG CTGCGAG-3Ј), and one antisense primer, gK-35 (5Ј-CCAGACGCACCCGTG TGTAC-3Ј), were previously described (11). The two remaining antisense primers used were gK-26A (5Ј-GCATCAACTCGCAGCCTACG-3Ј) and gK-36A (5Ј-CATATGCCGTTCCGGTTTCCGC-3Ј). Sequence data were analyzed by using the PCGENE program. Plaque assays. Routine titrations of virus were performed by plaque assay on Vero cells, which were maintained after infection in medium 199 supplemented with 1% heat-inactivated calf serum (Sigma) and 0.1% human gamma globulin (Armour Pharmaceutical Co.). After 2 to 3 days of incubation, the cell monolayers were stained with Giemsa stain for the quantitation of plaques. Plaque assays were also performed with gD-expressing and control HEp-2 cells. Plaques were visualized by a modification of a previously described immunoassay (21) , which was also used to detect syncytial foci in CHO-HVEM12 and CHO-C8 cells. Briefly infected cells were incubated sequentially with anti-gB monoclonal antibody II-105 (diluted 1:1,000) (40), biotin-conjugated goat anti-mouse immunoglobulin G (GibcoBRL), and streptavidin-␤-galactosidase (GibcoBRL), followed by an overlay with ferricyanide buffer (41) supplemented with 5-bromo-4-chloro-3-indolyl-␤-D-galactopyranoside (X-Gal; 0.5 mg/ml; GibcoBRL). Plaques were visualized as blue foci.
Marker transfer and marker rescue. Fragments of the gK open reading frame (ORF) spanning the KOS-804 G728A mutation (using primers 804SYN1 and 804SYN2) were amplified from KOS-804 and KOS. Purified KOS or KOS-804 viral genomic DNA and purified PCR fragments were cotransfected into subconfluent Vero cell monolayers at a mass ratio of 1:5 (viral genomic DNA/PCR fragments), using the LipofectAMINE protocol (GibcoBRL). When cytopathic effect was complete (4 to 5 days posttransfection), lysates were prepared (three freeze-thaw cycles followed by brief sonication) and titers for quantification of recombinant progeny were determined on Vero cells.
Antibodies. Monoclonal antibodies to gB (II-105), gD (III-174), gH (52S), gL (VIII-200), and gC (VII-13-7) were previously described (38) (39) (40) 50) . Monospecific antiserum (R140) against HveA was generated by immunizing a rabbit with baculovirus-produced HVEM(200t) (55) . Purified protein (100 g) mixed with an equal volume of complete Freund's adjuvant was injected subcutaneously and intramuscularly. The animal was boosted via injection by the same routes at 2-week intervals (total of four boosts) with 50 g of protein mixed with an equal volume of incomplete Freund's adjuvant. For the cell-mixing assay, CHO-C8 cells were transfected with either KOS-804 or KOS-SR1 DNA. To minimize background ␤-galactosidase activity from nonfusogenic events (i.e., cell-cell spread of intact virus), both viral DNAs were digested with SpeI, which cuts the genome once in genes that do not influence cell fusion, and the digests were heat inactivated prior to transfection. Six hours posttransfection, the cells were detached by rinsing twice with Versene (PBS supplemented with 0.4% EDTA) followed by trypsin and reseeded with untransfected CHO-IE␤8/HveA cells. Cells were reseeded into both 96-well culture dishes (quantitative analysis) and 24-well culture dishes (qualitative analysis) in the absence or presence of various concentrations of anti-HveA serum or preimmune control serum control. Approximately 24 h postplating, the 24-well plates were fixed, permeabilized, and overlaid with ferricyanide buffer supplemented with X-Gal (0.5 mg/ml; GibcoBRL), while the 96-well plates were rinsed with PBS and solubilized in PBS-0.5% NP-40 supplemented with o-nitrophenyl-␤-D-galactopyranoside (ONPG; Sigma) at 3 mg/ml. Plates were read in a Spectramax 250.
RESULTS

Construction of KOS-SR1 and characterization of KOS-804 and KOS-SR1 mutations.
Because the ability of HSV-1 to use HveA as a coreceptor for entry depends on the form of gD expressed, we tested two Syn strains of virus that expressed different forms of gD for the ability to induce the fusion of HveA-expressing cells. One strain was KOS-804, which is a Syn mutant isolated from mutagenized stocks of KOS (47); the other was KOS-SR1, a recombinant that was plaque purified from Vero cells coinfected with KOS-804 and KOS-Rid1. KOS-Rid1 is a previously characterized mutant whose mutation in its gD gene (Q27P) allows it to overcome gD-mediated interference (9) while significantly reducing its ability to use HveA for entry (36) .
KOS-804 forms syncytial plaques on Vero cells and nonsyncytial plaques on HEp-2 cells (28) . Though its Syn mutation, initially mapped to the UL1 locus (28) , was later accurately mapped to the gK gene (44) , the exact nature of the Syn mutation remained unknown. Sequencing of the KOS-804 gK gene (GenBank accession no. AF035012) revealed two nucleotide substitutions (C360T and G728A) in comparison to the KOS gK gene. The C360T substitution is silent whereas the G728A substitution results in a C243Y amino acid substitution. Confirmation that the C243Y amino acid substitution was responsible for the KOS-804 Syn phenotype was obtained through marker transfer and marker rescue experiments. PCRamplified DNA fragments of the gK ORF from KOS-804 or KOS were cotransfected with KOS or KOS-804 DNA, respectively. The gK DNA fragment from KOS-804 transferred the Syn phenotype to KOS, while the corresponding fragment from KOS rescued the Syn mutation of KOS-804. Thus, fragments spanning the C243Y amino acid substitution (amino acids 172 to 305) could transfer or rescue the Syn phenotype, depending on the DNA template used for PCR and the recipient genome (Table 1) .
Verification of the nucleotide substitutions responsible for the gD and gK mutations by PCR amplification and restriction endonuclease analysis are illustrated in Fig. 1 . The KOS-804 gK Syn mutation G728A changes an NlaIII site to a unique NdeI site in the gK gene (Fig. 1A) , while the KOS-Rid1 gD mutation is characterized by the loss of a PvuII site (Fig. 1B) . KOS-SR1 displayed the mutant gD and gK genotypes of both KOS-Rid1 and KOS-804, respectively. KOS-SR1 also displayed the biological phenotypes of both of its mutant parents: it is syncytial in Vero cells and nonsyncytial in HEp-2 cells like its parent KOS-804 (data not shown) and is resistant to gDmediated interference like its parent KOS-Rid1 (9) (Fig. 2) .
We then examined the ability of KOS-SR1 to infect HveAexpressing CHO cells in comparison to its parents, KOS-804 and KOS-Rid1, as well as wild-type KOS. We found that viruses expressing the wild-type form of gD (KOS and KOS-804) were able to infect the HveA-expressing CHO cells, whereas viruses expressing the KOS-Rid1 form of gD (KOS-Rid1 and KOS-SR1) were greatly impaired in the ability to use HveA for entry (Fig. 3) . Consistent with previous findings (36) , the ability of these viruses to infect HveA-expressing CHO cells was determined by the form of gD expressed and not on the presence or absence of the gK Syn mutation.
Effect of HveA expression on susceptibility of CHO cells to cell fusion induced by KOS-804 and KOS-SR1. CHO cells expressing HveA are susceptible to KOS and KOS-804 infection, whereas control CHO cells (transfected with empty vector) are resistant (36) . Both cell types can be transfected with genomic viral DNAs and can support HSV gene expression with equivalent efficiencies. Therefore, it was necessary to introduce viral genomes into HveA-expressing (CHO-HVEM12) and control (CHO-C8) cells by transfection in order to assess the effects of HveA expression on HSV-induced cell fusion. Figure 4 summarizes the results of experiments in which CHO-HVEM12 and control CHO-C8 cells were transfected with either KOS-SR1 or KOS-804 DNA. Transfected cells expressing gB were counted and scored as to the number of nuclei per cell. Approximately 40% of CHO-HVEM12 cells transfected with KOS-804 DNA formed large syncytia (Ͼ10 nuclei/cell), compared with fewer than 1% of transfected control cells. These results show that HveA can render cells susceptible to HSV-1-induced cell fusion. In contrast, 5.1% of CHO-HVEM12 cells transfected with KOS-SR1 DNA formed large syncytia (Ͼ10 nuclei/cell), compared with 40% of cells transfected with KOS-804 DNA, indicating that the form of gD expressed by the transfected virus influenced the efficiency of syncytium formation on HveA-expressing cells. Although very few large syncytia were observed on the control cells transfected with either virus, KOS-SR1 DNA clearly induced cell fusion more efficiently on control cells than did KOS-804 DNA. This finding is consistent with previous findings that the Rid1 mutation slightly enhanced the ability of KOS-Rid1, in comparison with KOS, to infect control CHO cells (9) . Representative photographs of syncytia formed by KOS-SR1 and KOS-804 on both cell lines are shown in Fig. 5 .
Effects of anti-HveA antibodies on cell fusion induced by KOS-804 and KOS-SR1 on HveA-expressing cells. To determine the effect of anti-HveA antibodies on HveA-mediated fusion, we used a cell-mixing assay. CHO-C8 cells were transfected with heat-inactivated SpeI digests of either KOS-804 or KOS-SR1 DNA. SpeI does not cleave genes essential for fusion induction but minimizes the production of viable progeny virions. Six hours posttransfection, the cells were reseeded with untransfected CHO-IE␤8/HveA cells, in the absence or presence of various concentrations of anti-HveA serum or preimmune control serum. Because CHO-IE␤8/HveA cells constitutively express HveA and inducibly express ␤-galactosidase after HSV-1 infection (due to transactivating activity of the virion tegument protein VP16), blue syncytial foci would result only when transfected CHO-C8 cells fused with CHO-IE␤8/ HveA cells. Approximately 24 h postreseeding, the cells were analyzed for ␤-galactosidase activity. Figure 6 shows that while the anti-HveA serum was a potent inhibitor of fusion mediated by KOS-804, it had no effect on the fusion mediated by KOS-SR1. Figure 7 shows that the anti-HveA serum also reduced the size of syncytia induced by KOS-804, whereas no such effect was observed for syncytia induced by KOS-SR1. These results illustrate that the low levels of cell fusion induced by KOS-SR1 were largely independent of HveA expression, whereas cell fusion induced by KOS-804 was heavily HveA dependent. Inhibitory effects of the anti-HveA antibodies were observed at serum dilutions of up to 1:400.
Effects of anti-HSV antibodies on cell fusion induced by KOS-804 on HveA-expressing cells. Monoclonal antibodies to viral glycoproteins gD, gH, gL, and gC were evaluated for the ability to inhibit HSV-1-induced fusion of HveA-expressing cells. CHO-IE␤8/HveA cells were infected with KOS-804 at 5 PFU/cell. Two hours postinfection, antibodies to the abovementioned glycoproteins were added at various concentrations. The extent of cell fusion was determined 20 h postinfection, when the cells were fixed and stained for ␤-galactosidase expression. The results presented in Table 2 and Fig. 8 show that the gD, gH, and gL antibodies all provided some fusion inhibition. The anti-gD antibody completely blocked fusion with the result that cytopathic effects characteristic of nonsyncytial HSV strains (cell rounding) were observed instead of fusion. The anti-gH antibody was almost as effective as the anti-gD antibody in blocking cell fusion. The anti-gL antibody was much less effective in contrast to its potent activity in inhibiting KOS-804-induced fusion of Vero cells (39) . The anti-gC antibody, as expected, had little effect.
DISCUSSION
Cellular factors previously shown to function in entry and cell fusion include GAGs such as heparan sulfate (48, 49) . Besides GAGs, other cellular determinants of susceptibility to HSV-induced cell fusion were largely unknown. In this study, we focused on HveA, a recently identified cellular mediator of HSV-1 entry, as a possible coreceptor of HSV-induced cell fusion. We found that in cell lines normally resistant to both viral entry and cell fusion induced by Syn mutants of HSV-1(KOS), HveA expression significantly increased their susceptibility to fusion induced by a KOS Syn mutant expressing the wild-type (KOS-804), but not the Rid1 (KOS-SR1), form of gD ( Fig. 4 and 5) . Moreover, anti-HveA antibodies inhibited the cell fusion induced by KOS-804. Thus, HveA can serve as a coreceptor for HSV-1-induced cell-cell fusion as well as viral entry, provided that viral gD is not altered by mutations found in Rid-1 gD.
It should be noted that GAG-positive wild-type CHO cells are partially susceptible to entry and fusion induced by HSV-1(MP) (48) , another Syn variant, presumably due to its ability to utilize some hamster cell surface protein as a coreceptor. Interestingly, presence of the Rid1 gD mutation in KOS and KOS-804 enhances the ability of the viruses to infect (9) and induce fusion of control CHO cells, respectively, suggesting that the alteration in gD may allow limited usage of hamster coreceptors while reducing usage of HveA as coreceptor. This postulate is supported by the observation that anti-HveA antibodies did not inhibit KOS-SR1-induced fusion on HveAexpressing cells. Though the syncytial mutations mapping to the gK gene are numerous (11) , most alter codon 40 of the gene (11, 41) . Sequencing of the KOS-804 gK gene revealed a previously unreported Syn mutation. Verification that this mutation (G728A) is responsible for the KOS-804 phenotype was provided by marker transfer and marker rescue experiments. Based on the orientation of gK in membranes proposed by Mo and Holland (35) , the KOS-804 Syn mutation is located in the ectodomain of the protein, as are the other known gK Syn mutations (11) . The role of gK in cell fusion is unknown, and it is unclear how the KOS-804 amino acid substitution (C243Y) or any of the many Syn mutations that map to gK affect the normal function of the protein.
Antibodies that can block cell fusion include several specific for gB, gD, gH, and gL (16, 34, (37) (38) (39) (40) . In this study, the concentrations of antiglycoprotein antibodies required to completely inhibit fusion (Table 2) a The infected cells were examined microscopically to estimate the extent to which the antibodies inhibited cell fusion.
b In the absence of antibody (indicated in parentheses), essentially all nuclei were present in syncytia. In the presence of antibody, inhibition of fusion was estimated by the fraction of nuclei in single cells (Ϫ, less than 20%; ϩ, 20%; ϩϩ, 40%; ϩϩϩ, 60%; ϩϩϩϩ, 80%; ϩϩϩϩϩ, 100%).
to inhibit fusion in other cell lines such as Vero cells, particularly the anti-gL antibodies (39) . That the gD antibodies were most effective at inhibiting HveA-mediated fusion is consistent with the finding that gD interacts directly with HveA (55) . The inability of anti-gH and anti-gL antibodies to provide complete inhibition of fusion is somewhat puzzling, as these antibodies very effectively inhibited fusion in Vero cells (39) . A possible explanation is that the precise roles of the viral glycoproteins in inducing cell fusion, and the epitopes available for binding to inhibitory antibodies, may depend on the particular coreceptor with which these glycoproteins interact.
Viruses expressing the Rid1 form of gD have greatly reduced ability to infect HveA-expressing CHO cells (36) yet are competent to infect a variety of human and animal cell types, suggesting that they must utilize other cellular receptors for entry and, where applicable, for fusion as well.
